When proteins are solvated in electrolyte solutions that contain alkali ions, the ions interact mostly with carboxylates on the protein surface. Correctly accounting for alkali-carboxylate interactions is thus important for realistic simulations of proteins. Acetates are the simplest carboxylates that are amphipathic, and experimental data for alkali acetate solutions is available and can be compared with observables obtained from simulations. We carried out molecular dynamics simulations of alkali acetate solutions using polarizable and non-polarizable forcefields, and examined the ion-acetate interactions. In particular, activity coefficients and association constants were studied in a range of concentrations (0.03, 0.1, and 1 M). In addition, quantummechanics (QM) based energy decomposition analysis was performed in order to estimate the contribution of polarization, electrostatics, dispersion and QM (non-classical) effects on the cation-acetate and cation-water interactions. Simulations of Li-acetate solutions in general overestimated the binding of Li + and acetates. In lower concentrations, the activity coefficients of alkali-acetate solutions were too high, which is suggested to be due to the simulation protocol and not the forcefields. Energy decomposition analysis suggested that improvement of the forcefield parameters to enable accurate simulations of Li-acetate solutions can be achieved, but may require the use of a polarizable forcefield. Importantly, simulations with some ion parameters could not reproduce the correct ion-oxygen distances, which calls for caution in the choice of ion parameters when protein simulations are performed in electrolyte solutions.
I. INTRODUCTION
The ionic strength of biological cells is ∼0.10-0.15 M, whereas in vitro experiments involving proteins are typically carried out in concentrations that range from 10 −2 to 10 0 M. These are remarkably different conditions, since the electrostatic potential (Coulomb cage) around proteins and similar molecules is much larger in volume when the concentration of salt is low, whereas it diminishes at high ionic strengths 1,2 . Ideally, we should be able to simulate proteins in electrolyte solutions of any ionic strength, from almost zero to the solubility limit. At the very least, simulations of macromolecule-ion interactions should be realistic in physiological concentrations. Fortunately, ion concentrations do not seem to affect simulated protein structure and dynamics too much 3, 4 , although they do affect local interactions.
The most common cations in biological systems are K + and Na + , which are abundant in the intra-and extracellular environments, respectively. Li + , Rb + and Cs + appear only in low concentrations (in the micromolar range 5 ). These ions, however, are important due to their chemical similarity to K + and Na + , and their significance in medicine and health (Li, 87 Rb, and 137 Cs). In physical chemistry, alkali cations are often used in simulations and experiments to study specific ion interactions [6] [7] [8] [9] , i.e., interactions that depend on the specific composition of a) Electronic mail: ran.friedman@lnu.se electrolytes (the ions in solution) rather than just on their concentrations (unlike colligative properties).
Cl
− is the only mono-atomic anion which is common in biological systems. For this reason, many studies concentrated on specific cation effects when the aim was to study effects of physiological relevance. Specific cation effects include the selectivity of ion channels 10 , and may be the basis for protein folding, signaling, aggregation and catalysis 11 . Such effects were measured experimentally by potentiometric and spectroscopic methods 12, 13 . In order to perform realistic simulations of proteins or peptides in solutions, it is important that the forcefield parameters account for the energetics of ions in electrolyte solutions and at the same time in solutions that contain proteins [14] [15] [16] . Alkali ions bind mostly to the carboxylates 3, 4, 15 . Hence, the ability to correctly account for interactions between the cations and carboxylates is important for coherence between experiments and simulations 17 .
Modern forcefields have been developed since the early 1990s for simulations with alkali cations 18, 19 . These and newer classical, non-polarizable forcefields involve electrostatics (Coulomb) and Lennard-Jones (LJ) interactions and are still in common use today. Polarizable forcefields are potentially more accurate, as the charges are not fixed on the centers of atoms (or at any other point). Their main drawback is that they make the simulations slower to run (compared to nonpolarizable forcefields). Also, more complex inter-atomic potentials make such forcefields less transferable between software packages. Different polarizable forcefields are available for ions, including Drude or 'particle on a spring' type forcefields 20 , forcefields that rely on induced dipoles 21 , forcefields that use a multipole approach 22 , and forcefields that allow charge-transfer [23] [24] [25] [26] . Non-polarizable forcefields have been used routinely and successfully to study proteins and other macromolecules, typically in NaCl or KCl solutions [27] [28] [29] [30] [31] [32] [33] [34] [35] . Interestingly, using energy decomposition analysis (EDA) we have recently found out that polarization contributes 29% of the interaction free energy between Li + and firstshell water molecules and as much as 23-25% of the same interaction for Na + . 4 Polarization was apparently much less important for K + . Owing to these results, we wanted to compare the performance of a polarizable forcefield with that of some of the non-polarizable ones for simulations of alkali-acetates in water. The polarizable forcefield of choice here was the Drude-2013 forcefield.
This article is organized as follows. In the next section (Approach), we describe our approach in detail. This is followed by the Methods section, where we explain how simulations were carried out. We then report on and discuss the results of the simulations and analysis. The article is then summarized in the Conclusions section.
II. APPROACH
A range of non-polarizable forcefields parameters was used to simulate acetate-alkali cation solutions, see Table I. We opted to employ parameters that were used together with proteins or that were, in principle at least, possible to use for protein simulations. The choice was somewhat arbitrary and by no means conclusive. There are tens if not hundreds of different parameters available, and simulating all of them was not possible.
Polarizable forcefield parameters for ions are much less numerous. The Drude-2013 polarizable forcefield was used in this study, for two main reasons. First, the forcefield can be used in many different MD simulation software, including the widely used CHARMM [36] [37] [38] , GRO-MACS [39] [40] [41] [42] , and NAMD 43, 44 (a different set of polarizable forcefield parameters was developed and used with AMBER 45 ). Second, parameters for acetate were included in the forcefield. Ion parameters in the Drude-2013 forcefield were developed by matching single-ion properties such as geometries and energies of monohydrates, and the solvation free energy at the infinite dilution limit 20 . The parameters were thereafter optimized to reproduce osmotic pressure data, in order to enable simulations of concentrated solutions 46 . The forcefield parameters were further optimized to represent the interactions between ions (K + , Na + , Ca 2+ and Cl − ) and coordinating amino-acid residues 47 . Ab initio molecular dynamics of ions in solutions can be performed, and many such studies have been reported (e.g., [48] [49] [50] [51] [52] ). Unfortunately, such simulations are limited to small systems and short periods. Static QM representations can be studied with larger basis sets and post Hartree Fock methods, and are therefore useful for parametrization of ion interactions 53 . Energy decomposition analysis (EDA) methods can yield important insights in this respect, because they can report on interactions that non-polarizable and polarizable forcefield miss. In this study, we used the EDA-PCM 54 formulation to study complexes between alkali-ions and acetate in a continuum solvent model (polarizable continuum model, PCM). In this formulation, the interaction free energies are divided into contributions from electrostatics, exchange, repulsion, polarization, dispersion and desolvation.
Ideally, forcefield parameters should be applicable when the same system is studied under different salt concentrations. For this reason, we carried out simulations at concentrations of 0.1 and 1 M, and with the non-polarizable forcefields also at 0.03 M. The forcefields were compared with respect to observables extracted directly from the simulations, without any bias. For this reason, free energy perturbation or thermodynamic integration were not executed.
III. METHODS

A. Preparation of the simulated systems
Simulations of alkali ion-acetate in aqueous solution at concentrations of 0.03 M (only with non-polarizable forcefields), 0.1 M and 1 M were performed in a periodic cubic box with approximately 1700 water molecules. Box volumes were between 50-54 nm 2 . A concentration of 0.03 M corresponds to a single ion pair, 0.1 M to three ion pairs and 1 M to 30 ion pairs.
Simulations with pairwise fixed charge forcefields
The simulations were performed with the GROMACS software, version 5.1.2 42 . Acetate molecules where modeled by use of CGenFF atom types 55 that are compatible with the CHARMM pairwise forcefield 56, 57 implemented in Gromacs 58 . Acetate parameters are given in the supplementary material Table S1 . Non-bonded LJparameters σ and ϵ for the ions are presented in Table I . The Lorentz-Berthelot mixing rule was applied for σ, while the geometric mixing rule was used for ϵ, as is the standard procedure in the CHARMM forcefield. Water were modeled as SPC/E 59 or TIP3P 56 , except for simulations with the ion parameters developed by Knecht et. al.
5 that were developed for and also simulated only with the original SPC model 60 . The parameters Li + and K + from Hess 17 were originally developed for the OPLS-AA force field and with the SPC/E water model, but were here simulated with the CHARMM force field for compatibility, and since previous calculations have shown no significant differences when small solutes were modeled with ions using OPLS/AA or CHARMM 61 . The Li + and Na + Lennard-Jones interactions between the water oxygen and the ions were scaled down by a factor λ, (Tables I and II, refs 5, 62 ). Prior to the MD simulations, internal constraints were relaxed by energy minimization. After the minimization, an equilibration run was performed for 5 ns. Five replicates of 100 ns NPT MDsimulations were run thereafter. The LINCS algorithm 63 was used to constrain the lengths of all the bonds in acetate, whereas in the simulations with TIP3P water only bonds to H were constrained, according to CHARMM conventions. The water molecules were kept rigid in all simulations by use of the SETTLE algorithm 64 . The temperature was kept constant at 298 K by use of the velocity-rescaling algorithm 65 and the pressure was coupled to an external bath with the Parrinello-Rahman algorithm 66 with 1 ps time constant. Long-range electrostatic forces were dealt with by use of the particle mesh Ewald (PME) method 67 and van der Waals forces were truncated at 1.0 nm with a plain cutoff in the simulations with SPC/E water, while in the simulations with TIP3P water a van der Waals force switch were applied from 1.0-1.2 nm. Dispersion corrections were applied for the energy and pressure in the simulations with SPC/E water molecules. The timestep between subsequent MD steps was 2 fs. The simulation speed was 0.58 h/ns on a 64-bit Intel machine (CPU frequency 2.4 MHz, 8 cores with hyperthreading, 16 threads) or 0.10 h/ns on a different 64-bit Intel machine (CPU frequency 2.3 GHz, 20 cores).
Simulations with a polarizable forcefield
Input files for simulations with polarizable force field were prepared with Drude Prepper in CHARMM-GUI 68 . Boxes with 0.1 and 1 M alkali ion-acetate solutions were prepared with parameters for the cations according to the references in Table I and for acetate from the Drude2013e polarizable forcefield 69 , see Table S2 . A mass of 0.4 amu was assigned to each Drude particle and subtracted from the associated atom mass and the Drude bonding constant was set to 40000 kcal mol −1Å−2 . In the Drude Prepper program a maximal bond length for the Drude oscillator is set to 0.25Å and a non-bonded Thole cutoff to 5.0Å and those setting were kept in the simulations. A hard well was applied for the Drude particle. The simulations were performed with the NAMD software 43 version 2.11. The temperature was kept constant at 298 K with dual Langevin dynamics, with damping coefficients of 20.0 ps −1 and 5.0 ps −1 for the relative and center-of-mass motions of the Drude-particle and the associated atom, respectively. The systems were energy minimized and equilibrated for 100 ps before collection of data over 10 ns. The polarizable model SWM4-NDP 70 was used for water molecules. The internal bonds in the water molecules were kept rigid by use of the SETTLE algorithm 64 while in the acetates only the bonds to hydrogens were constrained. Electrostatic interactions were treated using the PME method 67 with a cutoff at 1.2 nm and a force switch from 1.0 nm. For the nonbonded LJ interactions a cutoff was set to 1. 
B. Analysis of the molecular dynamics simulations
Radial distribution functions, (rdf, g(r)), were calculated with the alkali ion as reference to the position of either of the oxygens in acetate (or water). The rdf were normalized by the number of alkali ions, the volume of the bin width (0.002 nm), and the average particle density of the acetate, so that the g(r) = 1 at infinity. The number of water molecules in first solvation shell was estimated from the average number of cation-water interactions within the ion-oxygen distances that are not larger than the first minimum of g(r).
Ion-acetate association constants (K a [M −1 ]) were defined as:
where M = Li, Na, K, Rb or Cs. The association constants were calculated according to the equation 15 :
where α is the fraction of simulation time during which a contact ion pair (CIP) was present (i.e., when the metal to oxygen distance was smaller than the first rdf minimum, for numbers from respective simulation see Table  S3 ), and C is the salt concentration. Free energies of complexation between ions and ligands were estimated as:
The activity coefficient (γ) was also calculated based on the time fraction spent in complex, α, and was hence simply defined as:
The interaction energies, ∆E int , between alkali ion and acetate were calculated from the simulations as a sum of the short-range LJ and Coulomb interaction energies between the components (ions and acetate molecules). The interaction energies were calculated for all simulation frames during which a contact ion pair (CIP) was present between an acetate and a cation. Similarly, ∆E int values between alkali ion and water were calculated for Li + and Na + , with a criterion of four water ligands for Li + and six water ligands for Na + . Since the larger ions (K + , Rb + and Cs + ) are softer and the first water shell was less distinct, the interaction energies could not be calculated in the same way for these ions.
C. Quantum chemistry
Interaction free energies (∆G tot ) were calculated as 71 :
where ∆G tot is the free energy in solvent estimated by calculating the free energy of the solvated compound. The dielectric constant of the water was adjusted to the temperature, whereas vibrational effects are not considered. ∆G tot was decomposed into contributions from electrostatics, exchange, repulsion, polarization, dispersion and desolvation by Localized Molecular Orbital Energy Decomposition Analysis (LMOEDA) 72 as developed for use with PCM (EDA-PCM) 54, 72 . QM calculations were carried out in GAMESS 73 . Water beyond the first solvation shell (for hydrated complexes) or all water (for alkali ion-acetate complexes) were represented by PCM 74 . Energies were calculated with the MP2 method 75 . The def2-TZVPD 76 basis set, used in energy calculations for all atoms, was downloaded from the EMSL basis set exchange database 77, 78 . Effective core potentials (ECP) were applied for Rb (ECP-28) and Cs (ECP-46) 79 . Valence calculations for these ions were performed with the def2-TZVPD basis set. The MP2 method and def2-TZVPD 76 basis set were used for structure optimization unless stated otherwise. Default sphere radii (as implemented in GAMESS 80 ) were used for all atoms except Li + for which no parameter was available in the program. The sphere radius for Li + was set to 0.59 nm following previous work 4 .
IV. RESULTS AND DISCUSSION
A. Structural properties
The radial distributions of acetate oxygens around alkali ions simulated at different concentrations (0.03, 0.1, and 1 M) are summarized in Table III , and the rdf for one of the non-polarizable parameters (with the best matching log K a -value) and the polarizable forcefields are shown in Figure 1 . The first peak, r 1 , can be interpreted as direct ion complexation or (closed sphere complex, or CIP). The second peak, r 2 , corresponds to a solvent separated ion pair interaction (solvent-separated ion pair, SIP). Experimental values for distances between alkali ions and acetate were extracted from crystal structures of carboxylate-ion complexes deposited to the Cambridge Structural Database, CSD version 5.38 ( Figure S1 ). A good agreement between the distances observed in the simulations and the crystallographic values (with differences smaller than <0.01 nm) was observed with most of the FF combinations for ions and water. However, the use of the parameters developed by Hess and van-derVegt for the Li + ion, with the scaling factor of 0.4 for the ionwater interaction resulted in SIP but not CIP for Li + -acetate interactions (in disagreement with the crystal structures). Other dissimilarities involved the Drude-2013 and KB-based parameters. The Drude polarizable parameters resulted in bond length between between Na + and acetate that were too short. CIP distances were also smaller for Rb + and Cs + calculated with the parameters derived based on Kirkwood-Buff theory for alkalichlorides 5 , because the cations were too soft, i.e., the LJ ϵ was rather small (which might have been necessary to obtain the right activities in alkali-chloride solutions). Further analysis was therefore not performed with those KB-based parameters. The rdf for Li-acetate simulated with Drude polarizable forcefield showed a second peak at d CIP < d < d SIP . Examination of the simulations revealed a preference for a monodentate binding conformation for the Li-acetate complex studied with this forcefield. This led to uneven distances between the small Li + ion and the carboxylate oxygens, with the first peak (to the proximal oxygen) at 0.208 nm and the second peak (to the distal oxygen) at 0.325 nm.
The QM-optimized distances between alkali ion and the two acetate oxygen are given in Table III . QM distances were 0.04 nm shorter than the reported crystallographic measurements for Li + and 0.01-0.02 nm shorter for the other cations. This ambiguity may stem from different reasons, one of which is the choice of the atomic radii used in the PCM calculations. To examine the effect of the choice of radius for Li + , the ion-acetate complex was re-optimized after setting the ionic radius of Li + to 0.70 nm. This resulted in ion-oxygen distances of 0.40 nm and 0.43 nm, which were 0.2 nm longer than the experimental value. For this reason, further calculations with r Li + = 0.7 nm were not carried out, and the previously used radius (0.59 nm) was preferred. Other aspects that can contribute to the disagreement between the QM and experimental results are interactions with other atoms in the crystal, experimental inaccuracies, and the choice of solvent model, calculation method and basis set in QM calculations. Since the ions are not expected to maintain the minimal contact distance throughout the simulations, further efforts to examine this difference were not made.
The number of water molecules in the first solvation shell and the peaks of ion-water rdf from the simulations are also reported in Table III . The use of the TIP3P water model generally resulted generally in a slightly larger number of water molecules in the rst solvation shell than for simulations with the SPC/E water model. For Li + , there were approximately ve water molecules in the rst solvation shell with TIP3P rather than the expected number of four. Na + ions were surrounded by 5-6 water molecules in the MD-simulations, and differences between the non-polarizable simulations set ups were small. However, the use of the polarizable force field parameters for the Na + resulted in strong association between Na + and acetate during the simulations. Clusters of Na + and acetate molecules were observed in the simulations, which indicated that the Na + were only partly exposed to the water molecules. Owing to the softer character and larger sizes of the Rb + and Cs + ions, the first solvation shell of these ions was hard to define. The numbers of water molecules within the first solvation shells of Rb + and Cs + were estimated as 7.2 and 8-10, respectively.
B. QM interaction free energies and energy decomposition analysis
The calculated ion-acetate interaction free energies (∆G tot ) were −100 to −110 kJ/mol for the K + , Rb + and Cs + -acetate complexes, whereas the interactions were more favorable for Na + -acetate (−130 kJ/mol) and Li + -acetate (−150 kJ/mol). The contributions from polarization to the alkali ion-acetate were evaluated to account for 23-56% of the total free energies of interaction based on PCM-EDA (Table IV) . Although this contribution was very significant, it is much smaller in magnitude than ∆G elec (which is large and negative) and ∆G desolv (which is large and positive). Polarization contributed more to the cation-acetate interactions than dispersion, and for Li + and Na + also more than QM exchange. Interestingly, when examining ∆G pol /∆G tot the relative contribution of polarization is in the order Li + > Cs + > Rb + > K + > Na + . This is not in par of the same calculation for the water complexes, where the order is Li
Overall, in the case of Li + , polarization is more significant for cationwater than for cation-acetate interactions, whereas for the other ions polarization is less significant (with respect to the overall interaction) when they are solvated.
C. Association constants
Reproducing the ion-carboxylate association constants is important for obtaining quantitative results from the simulations 81 . Overestimation of K a results in overbinding, and in activity coefficients that are too low. Underestimation of K a leads to ions that are too stable in water. In principle, reproducing the activity derivatives 17 can yield parameters that reproduce the experimental values for the association constants irrespective of the salt concentration. Bjerrum estimated a critical distance for contact formation that depends on the ionic charge, solvent dielectric and temperature 82 , but not on the specific ion. Here, the association constants were estimated from the simulations as K CIP , i.e., critical distances corresponded to the first minimum of the ionoxygen rdf. The CIP-distances used for each calculation are presented in Table S3 . Values of log K CIP are given in Table V and were compared to experimental log K a for 0.1 M solutions. The association constants depend on the concentration, and should in principle be smaller for more concentrated solutions due to charge screening.
Examination of the K CIP values revealed that ion pairing between Li + and acetate was too strong in almost all simulations, except for the scaled Li + parameters (from Hess and van der Vegt) and the polarizable forcefield were almost no CIP occurred. Overbinding was also observed in the simulations with the polarizable parameters for Na + and K + , which resulted in the formation of Na-acetate salt clusters in the solutions. For Rb + and Cs + , K CIP values calculated with the polarizable forcefield were in good agreement with the experiment for 0.1 M solutions. The non-polarizable alkali ion parameters resulted in too negative log K values, i.e. complexes were disfavored. Some fixed atomic charge forcefields were off by as much as 0.7 log K units, whereas others were within 0.07-0.13 log K units, i.e., much closer to the experimental values.
It is also possible to consider whether K SIP , i.e., setting up a cutoff that matches the second minimum in the cation-acetate rdf could be more appropriate as a theoretical match for the association constant. However, regardless of the ion and forcefield, calculated log K SIP values clearly overestimate log K a (Table S3) . Indeed, the generic cutoff suggested by Bjerrum for ions in water at T=298 K is 0.36 nm is within the range of distances for CIP (0.275-0.380 nm). The solvent-separated ion pair definition appears to be too loose for the purpose of calculating K a from the simulations.
D. Energetics of the cation-acetate and cation-water interactions
The association constants can be used to calculate the free energies of complexation, which are given in Table V . These values can reveal whether and to which extent the differences between experimental and calculated association constants are meaningful compared to the thermal energy (2.48 kJ/mol). Indeed, most of forcefields parameters used here resulted in reasonably accurate calculations of the free energies of ion-acetate complexation at 0.1 M, and differences between the complexes simulated at the different concentrations were rather small (even for Li + , where ∆G exp = 0.25 kJ/mol, calculated from K a ). A single exception was the value obtained with the scaled non-polarizable Li + parameters (HV), ∆G= 14 kJ/mol. For Na + , the WS parameter set underestimates the binding free energies by some 4 kJ/mol. A common test for the accuracy of ion forcefields is the ability to reproduce the hydration free energies, which is in itself not a trivial experimental value to compare with 20 . It is possible to get the cation hydration free energies right but still over-or underestimate the complexation energies, which depends on the cation-acetate and acetate-water interactions as well. The interaction energies, ∆E int for the cation-acetate and cation-water-shell can be calculated directly from the simulations if a non-polarizable forcefield is used and the solvation shell is defined. Those values were given (when possible) in Table V . This analysis revealed that the main difference between the WS and Dang parameter sets for Na + was due to the interactions between the ions and water molecules.
E. Activity coefficients
The activity coefficients, γ, were estimated experimentally to be ∼0.8 for all alkali-acetate salts in 0.1 M solutions 83 . In 1 M solutions, the difference between Li + , Na + and the larger alkali ions was more eminent (Table V). The decrease of the value of γ was most apparent for Li-acetate solutions (∆γ = −0.11 when a solution is concentrated from 0.1 to 1 M), smaller for Na-acetate (∆γ = −0.04), and not apparent in solutions containing the larger alkali cations. The activity coefficients were calculated from the simulations in order to examine how well the different forcefields reproduced the experimental values (Table V) . For Li + , the non-polarizable parameter set fromÅqvist simulated with SPC/E water resulted in activity coefficients that were in par with the experimental values at 0.1 M, whereas the HV parameter set and the polarizable force field parameters overestimated γ at the same concentration. The situation was different with 1 M solutions, where the activity coefficient was underestimated by all forcefields, with the polarizable parameter set leading to the best agreement with the experiment. For Na + , calculations of γ from simulations with the parameter set from Dang, but not WS, resulted in a value very similar to the experiment for 1 M sodium acetate. One explanation for the higher γ obtained from simulations of Na-acetate with the parameters from Weerasinghe and Smith can be that the Na + -water interaction energy was too favorable, so that the Na + ion had a tendency to stay solvated.
The calculated activity coefficients for 0.1 M solutions of Na, K, Rb and Cs-acetate were lower than the values estimated from experiments, regardless of the parameter set, whereas better agreement between simulation and experiment was observed in 1 M solutions. In 0.1 M electrolyte solutions, the average distance between two oppositely charged ions is much larger than the cutoff (the density of each ion is 0.06 ions/nm 3 , and their average distance would thus be 2.59 nm if they are randomly dispersed). In 1 M solutions, chance encounters within 1.0 nm are much more common (the average distance between the ions would be 1.22 nm if they are randomly dispersed). Of note, the diffusion coefficients of the ions are in par with the experiment (Table S4) , which indicates that the dynamics are realistic. Table I . 
V. CONCLUSIONS
Extensive simulations of alkali-acetate solutions were performed with different polarizable and non-polarizable forcefield parameters. Observables were calculated from the simulations and compared to experimental measurements that are relevant to simulations of proteins in solutions. QM EDA calculations were performed in order to estimate the contributions of polarizability and nonclassical contributions to the interaction energies between the ions and acetates. Some of the parameters did not reproduce the correct rdf structures for the solutions. For all alkali ions except Li + , good agreement between calculated and experimentally observed activity coefficients was obtained in 1 M concentrated solutions by at least one of the tested parameter sets. Activity coefficients were overestimated for the non-Li + ions when simulated in 0.1 M solutions. On the other hand, calculated complexation free energies were in most cases within few kJ/mol or less of the experimental values, and the simulations reproduced the higher propensity to observe ion-acetate complexes in lower concentrations in density-normalized rdf. EDA calculations revealed that although the contribution of polarization with respect to the overall interaction energy between the ions and the acetates was significant, it was much smaller than the electrostatic contribution. Polarization, however, was shown to be important for Li + -water interactions. Differences between the non-polarizable forcefield parameters for Na + appeared to be due to the interactions between the cations and the water, and point out that further tuning the ion-water interactions may be important to achieve better agreement with the experiment when interactions with carboxylates are considered.
Overestimation of the activity coefficients in 0.1 M solutions of non-Li + alkali ions was systematic, and stood in contrast to the agreement between simulation and experiment in 1 M solutions. Since none of the water models that were employed in the simulations overestimated the dielectric constant of the water, it is not likely that the screening of the charge-charge interactions was the source of this discrepancy. Instead, it may well be that the simulation protocol, which uses finite interaction cutoff was the source of this artifact. It can be expected that this would be less pronounced on the surface of proteins, when the acetates are more static and the Coulomb cage extends to a larger volume 3, 15 . Simulations of Li + -acetate solutions did not achieve an overall good agreement with the experiment. The polarizable parameters reproduced all observables well when the solution concentration was 1 M, but when it was smaller. TheÅqvist parameters with SPC/E water yielded activity coefficients that were close to the experimental values for 0.1 M solutions, but were too low for 1 M solutions, whereas calculations of the activity coefficient were closer to the experimental value when carried out with the HV parameter set in a 1 M Li-acetate solution. Since the simulation protocol was similar for the different alkali ions, agreement with the experiment at 0.1 M may be due to cancellation of errors (the forcefields overestimated the anion-cation interactions, which compensated for the opposite effect introduced by the Coulomb cutoff). EDA calculations revealed that the contributions of the exchange interaction to the overall free energy of interaction between Li + and water or acetate was not higher than for other ions, whereas polarization was important for Li + -water interactions. Thus, developing forcefield parameters that could represent the interactions between Li + , carboxylates and water more realistically should be achievable, but may require a polarizable model.
VI. SUPPLEMENTARY MATERIAL
See supplementary material for CGenFF acetate parameters and parameters for all ions for the polarizable force field, critical radius values and equilibrium constants for SIP, diffusion constants and distribution of crystallographic distances between carboxylate oxygens and alkali cations. 
